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1. Introduction 

This report captures the outputs from the AE9 for the electron environment at geostationary orbit. There is 
no new work, simply a collection of model outputs to make them easier to use and tailored to quick data 
gathering for geostationary orbit studies. Other models do exist, such as POLE [1], but a comprehensive look 
at each is beyond the scope of this work. Other resources are contained in the references.  

2. Model and Setup 

The model utilized is the AE9 model version 1.50.001 [2-5]. AE9/AP9 is the new community standard 
trapped radiation specification model following after the AE8/AP8 model [6]. For this work, the model 
was run on OSX through wine [7] and analyzed using the ae9ap9 module in SpacePy [8], pandas [9], 
matplotlib [10], jupyter notebooks [11], and SciPy [12], all in python 3.7 [13]. The model parameters are 
shown in Figure 1. The variation as a function of time was found to be minimal after a yearly run with 60 
second resolution so one day was run for all the cases. Ephemeris was computed in geocentric equatorial 
inertial (GEI) coordinates [14] and reported fluxes are omnidirectional and differential in energy. In GEI 
coordinates geostationary orbit forms a circle at 6.6 Earth radii (Re) as shown in Figure 2. Identical model 
runs were performed for longitudes every 20 degrees around the globe. Percentile fluxes every 5% from 
5% to 95% were tabulated. For the AE9 model percentiles are the fraction of the data below a given flux 
value over all time. This intentionally does not have a solar cycle or other dependence in order to give 
these percentiles the intended meaning.  

 

Figure 1 Screenshots of the AE9 model parameters.  
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Figure 2 Plot of a one-day orbit track in geostationary orbit in GEI coordinates.  

3. Overview 

The energetic (~MeV) trapped electron population is known as the Van Allen Radiation belt [15]. These 
electrons are trapped on magnetic field lines and the magnetic field is not aligned with Earth’s spin axis. 
Figure 3 shows a schematic view of Earth’s magnetosphere. The trapped electron population is in the 
Co-rotation region noted in the figure.  

 

Figure 3 Schematic view of Earth’s magnetosphere, from [16].  
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Figure 4 Figure showing the notional radiation belt intensity as a function of location around the Earth. 
Several orbits are denoted with their position relative to the notional maximum. From NASA.  

 

4. Results and Narrative 

This section contains model output results and a narrative on how to utilize these outputs for follow-on 
studies.  

The electron radiation belt has a huge variation in intensity, Figure 5 shows the difference with energy 
and with percentile. For the same energy, 1 MeV as an example, there is a factor of 489 between 95th 
and 5th percentile. Figure 6 shows the ratios between 95th/5th and 95th/50th as a function of energy for 

0 longitude.  

The electron radiation belt has a strong energy dependence. Figure 9 shows the energy spectra as a 
function of percentile. In the AE9 model there is little dependence on percentile for the spectral shape.  

The electron radiation belt has a slight dependence on longitude. Figure 10 shows the ratio compared 

to 0 longitude for several energies and percentiles.  
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As the fluxes as a very steep function of energy and percentile, special care must be taken in 
interpolation. Good choices are BSpline and Piecewise Cubic Hermite Interpolating Polynomial (PCHIP) 
both part of scipy interpolate.  

 

Figure 5 Radiation belt fluxes are a falling spectrum with roughly an order of magnitude between each 
of the presented energies.  
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Figure 6 Flux ratios between 95th and 5th and 50th percentiles for 0 longitude.  

 

Figure 7 All computed fluxes and a function of percentile at 0 longitude. 



Los Alamos National Laboratory 

 8 

 

Figure 8 All computed fluxes and a function of percentile at 0 longitude. This is the same as Figure 7 
without the points drawn.  

 

Figure 9 All computed fluxes as a function of energy for various percentiles at 0 longitude. 
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Figure 10 Flux ratios as a function of longitude and percentile compared to the value at 0. 

 

Figure 11 Example interpolations in percentile space, left is BSpline and right is PCHIP.  
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5. Other Resources 

Textbooks: [14, 17-19] 

Presentations: [20] 

This work, code, and data are cataloged for LANL use at: https://git.lanl.gov/SABRS-NGP/geo-swx-
percentiles  
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7. Appendix: Tabulated Spectra 

This appendix contains tabulated spectra for 0 longitude. Column header are percentile fluxes, the rows 
are energies (MeV), and the values of the omnidirectional differential electron number flux (cm-2s-1MeV-

1).  
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